One sentence summary: Arbuscular mycorrhizal fungal activity measure as transfer of phosphorus is suppressed by different bacterial and fungal taxa in natural terrestrial ecosystems.
INTRODUCTION
Arbuscular mycorrhizal fungi (AMF) form symbiotic associations with 80% of all known plants (Smith and Read 2008) . In exchange of carbon, AMF increase the uptake of plant nutrients, such as phosphorus (P), by extending their extra-radical mycelium (ERM) in the soil. Besides improving plant nutrition, AMF play an important role in soil stabilization (Rillig and Mummey 2006) , carbon storage (Treseder and Holden 2013) , and mediation of plant responses to stress factors such as drought, toxic metals and plant pathogens (Filion, St-Arnaud and Fortin 1999; Auge 2001; Hildebrandt, Regvar and Bothe 2007; Finlay, Lindahl and Taylor 2008) , hence influencing plant productivity. In addition, AMF influence plant diversity and composition of plant communities e.g. by enhancing the competitive ability of subordinate plant species relative to dominants (van der Heijden et al. 2006) . Although these effects often vary between studies and are context-dependent (e.g. depending on host plant, fungal species and environmental conditions), AMF play an important role in ecosystem functioning.
In soil, AMF interact with other groups of microorganisms, such as bacteria and other fungi. These interactions can be either beneficial or deleterious due to competition, mutualism or parasitism as shown by experiments in simple model systems. For example, some bacterial isolates associated with Gigaspora margarita can promote growth of the host fungus in vitro (Horri and Ishii 2006) , while bacterial strains obtained from Glomus clarum spores either stimulated or arrested spore germination, dependent on the bacterial species (Xavier and Germida 2003) . Moreover, a Bacillus subtilis strain significantly inhibited spore germination and hyphal growth of a monoxenic strain of Glomus etunicatum (Xiao et al. 2008) . Regarding interactions between AMF and other fungi it is known that AMF spores can suffer parasitism from other fungi, principally chytridiaceous fungi Menge 1984, 1986) , and Rousseau et al. (1996) showed that in axenic systems mycoparasitic Trichoderma harzianum could perforate Glomus intraradices (Rhizophagus irregularis) hyphae.
We know relatively little about how the AMF ERM interact with microorganisms in soil outside the rhizosphere, even though the ERM represents the major niche where interactions can take place (Nuccio et al. 2013) . Most studies have focused on effects of the ERM on soil microbial biomass and abundance of specific microorganisms, while ERM functioning has been studied mainly in relation to selected strains of e.g. plant growth promoters, biocontrol agents and root pathogens (reviewed by Artursson, Finlay and Jansson 2006; Bending, Aspray and Whipps 2006; Larsen et al. 2015) . Interestingly, it was concluded that there was little influence from other microorganisms on the P uptake by the ERM (Larsen et al. 2015) . However, in one study, the addition of a bacterial soil filtrate decreased the length of the ERM (Leigh, Fitter and Hodge 2011) . A recent study evaluated the suppression of the activity of AMF by screening different cultivated soils from Scandinavia (Svenningsen et al. 2018) , and demonstrated a large variation in soil-associated suppression towards AMF, from highly suppressive to non-suppressive soils. Suppression was related to components of the soil bacterial community although soil pH also influenced the activity of the ERM of AMF (Svenningsen et al. 2018) . This finding points to a potential of different groups of soil microorganisms to inhibit or suppress AMF. Such suppression has so far not been studied in natural ecosystem soils, and the significance of soil fungi for suppressiveness remains unresolved.
Natural ecosystems differ substantially from cultivated systems in terms of aboveground diversity, plant functional traits and soil biota (Mariotte et al. 2017) . Also, soils from natural ecosystems are usually far more diverse in important aspects as pH, SOM content and other physical and chemical properties as compared to arable soils, which are kept at high levels of nutrients for optimal productivity. In addition, soil microbial communities vary across different land uses and successional types (Lauber et al. 2013) . Soil microbiomes are modulated, not only by soil characteristics such as pH (Rousk et al. 2010) , but the diversity and community composition of soil bacterial and fungal communities can even be related to plant attributes, such as diversity, cover and functional traits (Delgado-Baquerizo et al. 2018) . Indeed, Broeckling et al. (2008) found that root exudates affect the composition of the soil microbiome. Intensive agriculture reduces soil biodiversity, resulting in fewer functional groups of soil biota with fewer and taxonomically more closely related species (Tsiafouli et al. 2015) , and shifts soil food webs towards being bacterial-dominated rather than fungaldominated (de Vries et al. 2006) .
These contrasts between cultivated and natural ecosystems imply that the observed suppression of AMF in cultivated soils may not be valid for natural ecosystems. Therefore, we tested the following hypotheses: (i) soils from natural ecosystems exert differential effects on the activity of the ERM of AMF as seen for cultivated soils; and (ii) the suppression of the ERM activity is caused not only by the soil bacterial community as shown for cultivated soils, but also by the fungal community. These hypotheses were addressed by screening 19 non-cultivated soils from different sites across Denmark for their ability to suppress the activity of AMF. We took advantage of the project BIOWIDE (biodiversity on width and depth), which is a major biodiversity project that studied 130 locations across Denmark mapping and identifying the biodiversity of plants, animals and microbiota, to select 19 highly contrasting soils (Table S1 , Supporting Information). We used a model system where P uptake from radioisotope labeled soil was used as a proxy for activity of the ERM. The ERM activity was analyzed by correlation to different soil characteristics, and to the composition of the soil microbiome determined by 16S-rRNA gene and ITS2 amplicon sequencing targeting bacterial and fungal communities, respectively. Rhizophagus irregularis (BEG 87) served as AMF inoculum in all experiments.
METHODS

Soils, plant and AMF
A total of 19 soils were selected among soils sampled from 130 non-cultivated sites in the Danish BIOWIDE project (http://ww w.biowide.dk/). For each site, 81 equally spaced soil cores were collected, pooled, homogenized and frozen (see Brunbjerg et al. 2017 and Frøslev et al. 2017 for details). The 19 selected soils covered wide gradients of soil characteristics and vegetation types (Table S1 , Supporting Information). Soils were thawed, air-dried and sieved before they were included in the below experiments. Three cultivated soils used in previous experiments and showing different degrees of suppression (Svenningsen et al. 2018) were included as references to validate the degree of suppressiveness of the current non-cultivated soils. One of these reference soils, which was shown to be significantly less suppressive than the rest (Risø stored), is a cultivated soil that was collected in 1982 and subsequently stored dry.
The 22 test soils were filled into mesh compartments that were embedded in a semi-sterile standard soil used for growing the model plant (see below). The standard soil was collected at the Risø field site at the Technical University of Denmark (hereafter referred to as 'Risø'), γ -irradiated (15 kGy), mixed 1:1 with quartz sand (w/w) and amended with a nutrient mixture including 10 mg P kg −1 (as KH 2 PO 4 ) as in Merrild et al. (2013) . 
Model system
The model system (Fig. S1 , Supporting Information) was modified from Smith, Smith and Jakobsen (2003) . Medicago truncatula colonized by R. irregularis served as donor plants for the production of ERM, with the aim of studying the ability of the ERM to colonize and take up P from a mesh-enclosed patch of each of the 22 test soils (hereafter referred to as 'hyphal compartment [HC] soil'). The HCs were 50 ml plastic cylinders capped with 25 μm (diameter) nylon mesh at both ends, allowing for ingrowth of ERM, but not roots. The HCs were filled with 55 g of test soil that had been sieved (<2 mm), mixed 1:1 with quartz sand, enriched with basal nutrients as in Merrild et al. (2013) , and labeled with carrier free H 3 33 PO 4 at 3 kBq g −1 soil. Each HC was buried in a pot containing 1 kg of the semi-sterile standard Risø soil: sand mix, which was amended with 60 g of AMF inoculum. Two M. trunculata plants were grown in each pot and each of the 22 treatments had tree replicates. At the end of the experiment the plant uptake of 33 P was quantified and used as a proxy for the P uptake activity of the ERM.
Harvesting and sample analyses
Plants were harvested after 35 days and roots were separated from shoots, washed free of soil, and blotted dry. Then a weighed subsample was transferred to 50% EtOH for determination of mycorrhizal root colonization by microscopy after clearing in 10% KOH and staining with Trypan blue (modified from Phillips and Hayman, 1970) . The remaining root tissue and the total shoot tissue were dried at 60
• C (>48 h) and dry weights were recorded. Shoots were milled before they were subjected to acid digestion and analysis of their 33 P content by using a liquid scintillation counter (Packard, PerkinElmer, Waltham, MA, USA). Subsamples from the HCs containing the four most suppressive and the four least suppressive soils were taken for determination of AMF hyphal length density (HLD). HLD was determined in duplicates of 2 g dry soil by a grid intersect method (Jakobsen, Abbott and Robson 1992) . Soil pH was determined in subsamples of soil from each HC after shaking 5 g dry soil with 25 ml CaCl 2 for 60 min (Schofield and Taylor 1955) .
Microbial communities analyzes
From each homogenized soil sample representing the field sites mentioned above (only non-cultivated soils), a subsample of 4 g was subjected to DNA extraction using the PowerMax Soil DNA Isolation kit (MOBIO, Carlsbad, CA, USA), following the suggested protocol after addition of 4 ml of a 1 M suspension of CaCO 3 . An additional clean up step was performed on a 100 μl aliquot of the DNA extract with the PowerClean DNA Clean Up Kit (MOBIO, Carlsbad, CA, USA). DNA concentrations were measured with Qubit dsDNA HS (High Sensitivity) Assay Kit (Invitrogen) and samples were normalized to a concentration of 1 ng μl −1 prior to PCR amplification (see Brunbjerg et al. 2017 for more information). The fungal ITS2 region was amplified using primers gITS7 (Ihrmark et al. 2012 ) and ITS4 (White et al. 1990 ) for fungal community analyzes. Libraries were MiSeq sequenced (Illumina Inc, San Diego, CA, USA), at the Danish National Sequencing Centre using two 250 bp PE runs. Primers and adapter remnants were removed with a custom script based on cutadapt (Martin 2011). Operational taxonomic unit (OTU) tables (species-site table) were constructed, aiming for a definition of OTUs that approximates species level delimitation (see Frøslev et al. 2017 ).
This was achieved by an initial processing with DADA2 (Callahan et al. 2016) to identify exact amplicon sequence variants, followed by ITS extraction with ITSx (Bengtsson-Palme et al. 2013) and subsequent clustering with VSEARCH (Rognes et al. 2016 ) at 98.5%-the consensus clustering level used to delimit species hypotheses (SHs) in the UNITE database (Kõljalg et al. 2005) , and subsequent post-clustering curation using LULU (Frøslev et al. 2017) to eliminate remaining redundant sequences. Taxonomic assignment of the OTUs was done using the 2017 UNITE general FASTA release. We used 98%, 90%, 85%, 80%, 75% and 70% sequence identity as for assigning fungal OTUs to species, genus, family, order or class and kingdom, respectively.
For bacterial community analyzes, Illumina MiSeq 300 bp paired-end sequencing of the hypervariable V3-V4 regions of the 16S rRNA gene, amplified with primers Bakt 341F and Bakt 805R (Herlemann et al. 2011) , was performed by Macro-gen Inc. (Seoul, Rep. of Korea). Sequencing data were analyzed using the CLC Genomics Workbench with the Microbial Genomics Module (Qiagen) using the software's default settings. Partial 16S rRNA gene sequences were clustered and assigned to OTUs with 97% similarity using the SILVA 16S rRNA reference database release 119 without de novo OTU clustering.
Statistics
One-way ANOVAs compared the shoot 33 P activity in plants grown across the 22 unsterile soils, with Tukey post hoc test where appropriate. Regression analyses were performed between shoot 33 P content and HLD (for eight selected soils), and between shoot 33 P content and soil P, N, C and pH for the 19 unsterile cultivated soils. Data that were not normal distributed were subjected to a log-transformation prior to statistical analyses. Soils that allow a shoot 33 P content of <1 kBq per pot were considered AMF-suppressive as in Svenningsen et al. (2018) . Fungal and bacterial richness and α-diversity for each soil were assessed by OTU number and Shannon index calculations with the vegan package (Oksanen et al. 2015) . These values were also correlated with shoot 33 P content and HLD. Additionally, average richness and diversity were calculated for suppressive and non-suppressive soils and compared by Student's t-test. Non-metric multidimensional scaling (NMDS) ordination analysis was performed on Bray-Curtis dissimilarity matrices originating from fungal OTU tables and at genus level for bacterial OTUs. The vectors of environmental variables were fitted onto ordination space (Bray-Curtis NMDS) to detect possible associations between patterns of community structure and environmental variables using the 'envfit' from the vegan package (Oksanen et al. 2015) . Significant differences between fungal and bacterial community composition were tested for suppressive and non-suppressive soils using PERMANOVA analysis on Bray-Curtis dissimilarities with the R function 'adonis' from the vegan package (Oksanen et al. 2015) . Similarity percentage analysis (SIMPER) on Bray-Curtis dissimilarities of OTU tables was performed with the R function 'simper' from the vegan package (Oksanen et al. 2015) and relative abundances of OTUs analyzed for significant differences between AMF-suppressive and nonsuppressive soils with the Wilcoxon test. The 16S rRNA gene amplicon sequences are deposited in NCBI's Sequence Read Archive under Bioproject PRJNA493722 and the ITS2 amplicon raw data can be obtained from TGF. All statistical analyses were performed using R (R Core Team 2014).
RESULTS
AMF activity, 33 P shoot content and hyphal lengths
The P-transfer activity of AMF was determined in an experiment where the HC contained one of 19 non-cultivated soils from contrasting vegetation or one of the three cultivated soils (as reference from previous experiments, see Svenningsen et al. 2018) . Root colonization by R. irregularis was high with little variation across all soils (89 ± 0.8%). Therefore, the potential for ERM growth into HCs was high and similar for all HC soils. However, hyphal transport of 33 P to shoots differed largely between the 19 unsterile non-cultivated soils (P < 0.0001). Soils were considered AMF-suppressive when the shoot 33 P content was less than 1 kBq per pot, i.e. less than 10% of maximum values recorded for non-cultivated soil to enable comparisons with data from Svenningsen et al. (2018) . Seven soils, VD045, NT018, VD044, EM057, SV093, NV001 and VU027, were hence classified as AMF-suppressive (Fig. 1) . The three cultivated soils used as reference showed the same pattern as in previous experiments (Svenningsen et al. 2018) varying from highly AMF-suppressive (E2) to not AMF-suppressive (E7 and Risø stored) (Fig. 1) . Soil pH in the HC had the strongest significant (P < 0.001), positive correlation (R 2 = 0.56) with shoot 33 P content (Fig. 2 ), but even total soil P and total soil N showed positive significant correlations with 33 P content in the shoot (Table S2 , Supporting Information). AMF HLD in the HC was measured in the four most AMF-suppressive and four least AMF-suppressive soils. The four most AMF-suppressive soils had lower HLD, with values from 4 up to 6 m g −1 soil, while the four least AMF-suppressive soils had higher values, from 6 up to 11 m g −1 soil. Therefore, we found a significant (P < 0.001) positive correlation (R 2 = 0.72) between HLD and the content of 33 P in the shoot (Fig. S2 , Supporting Information). Additionally, AMF hyphal length density showed a significant (P = 0.04) positive correlation (R 2 = 0.44) with soil pH (Table S2 , Supporting Information). Since soil pH affects the HLD, the pH effect on 33 P shoot content could be partly due to the reduction of HLD.
Microbial communities in the different non-cultivated soils
In order to search for suppressive biotic components, we investigated whether AMF suppression was associated with specific fungal or bacterial taxa using ITS2 and 16S rRNA gene-targeted analyses. We found that the NMDS ordination revealed a clear separation of AMF-suppressive soils vs. non-suppressive soils for both fungal (Fig. 3A) and bacterial (Fig. 3B) communities. The separation of the AMF-suppressive and non-suppressive soils was significant as tested by PERMANOVA analysis (P < 0.05). Based on the 'envfit' analysis, only pH was a significant (R 2 = 0.86; P = 0.001) predictor for fungal community structure (Fig. 3A) , while pH (R 2 = 0.89; P = 0.001) and total soil P (R 2 = 0.39; P = 0.02) were significant predictors of the bacterial community structure, both decreasing in AMF-suppressive soils (Fig. 3B) . Bacterial richness and diversity tended to be lower in most of the suppressive soils ( Fig. 4B and D) , while a high variation between soils was observed for fungal richness and diversity ( Fig. 4A and C) . When we grouped the soils into suppressive and non-suppressive, we did not find any significant differences in fungal community richness or α-diversity (Table S3 , Supporting Information); however, we found that AMF-suppressive soils presented significantly lower bacterial community richness and α-diversity than non-suppressive soils (Table S3 , Supporting Asterisks refer to significance level ( * is 0.01 < P < 0.05, * * is 0.001 < P < 0.01, * * * is P < 0.001) Information). Finally, bacterial richness and diversity correlated with shoot 33 P content, but no correlations were found with HLD (Table 1) . At phylum level, we did not see clear differences in fungal communities across the different soils (Fig. S3A , Supporting Information). However, for bacteria we observed that certain phyla such as Acidobacteria and WD272 had a higher relative abundance in most of the suppressive soils compared to the non-suppressive soils (Fig. S3B, Supporting Information) . On the contrary, other phyla such as Bacteriodetes and Verrucomicrobia showed a higher relative abundance in non-suppressive soils (Fig. S3B, Supporting Information) . Interestingly, we found that the fungal OTUs shared between AMF-suppressive and non-suppressive soils represented only 16.3% of the total OTUs while 24.2% were exclusive for AMF-suppressive soils (Fig. S4A , Supporting Information). On the contrary, AMF-suppressive and non-suppressive soils shared more than 50% of their bacterial genera and only ca. 7% of the genera were exclusive for AMFsuppressive soils (Fig. S4B, Supporting Information) .
The SIMPER analysis was used to identify the OTUs that contributed the most to the difference between AMF-suppressive and non-suppressive soils. These OTUs were the most abundant and/or most variable in the data set. The SIMPER analysis identified 21 fungal OTUs that cumulatively explained 30% of the variation between AMF-suppressive and non-suppressive soils (Fig. 5A ). Of these, Archaeorhizomyces sp., Chaetothyriales sp., Gliophorus sp., Mortierella humillis, Mycena epipterygia, Mycena galopus and Parmelia sp. were significantly (P < 0.05) more abundant in AMF-suppressive than in non-suppressive soils. A total of 20 bacterial genera cumulatively explained 40% of the variation between AMF-suppressive and non-suppressive soils (Fig. 5B) . Of these, different genera from Acidobacteria Subgroups 1, 2 and 3, Acidothermus, Rhizobiales, Acetobacteraceae, Xanthobacteraceae, Xanthomonadales and WD272 were significantly (P < 0.05) more abundant in AMF-suppressive than in non-suppressive soils.
DISCUSSION
The current study shows that suppression of the activity of the extraradical mycelia of AMF is a common phenomenon in soils from a wide range of natural ecosystems including grasslands, heaths, scrublands and one forest, where plant communities are highly variable. The current work expands a recent report of suppression of AMF activity in cultivated soils (Svenningsen et al. 2018) and is the first to report suppression-associated variations in the fungal microbiome composition, and to identify candidate fungal taxa that might be involved in the suppression of AMF activity. We previously reported that suppression of AMF activity has a major biological component and that suppression is most prevalent at low soil pH. This was documented by a stronger mitigation of suppressiveness by soil pasteurization than by increasing soil pH through liming (Svenningsen et al. 2018) . Still AMF-suppression was correlated with soil pH in both the current study of natural ecosystem soils and in cultivated soils (Svenningsen et al. 2018 ). In the current study, soil pH not only decreased the 33 P shoot content, but also the HLD, which might indicate that pH affects suppressiveness by directly reducing AMF hyphal length. However, changes in soil pH can influence AMF species richness (Lauber et al. 2009), root colonization and biomass (van Aarle, Olsson and Söderström 2002) , as well as community structure (Dumbrell et al. 2010) . External pH is known to affect cellular function of soil microorganisms with some taxa being more tolerant to low pH conditions than others ( Rousk et al. 2010) . However, pH is also a major driver of community assemblage in bacterial (Lauber et al. 2009; Rousk et al. 2010) and fungal (Rousk et al. 2010; Tedersoo et al. 2014) communities at local and global scales. It therefore seems likely that the AMF-suppression in the present work was driven by both pH and biotic interactions. Besides our finding that soil pH was the main driver of microbial communities composition, total soil P also showed a weak correlation with the composition of bacterial communities (R 2 = 0.39). Additionally, the total soil P and total soil N were correlated (R 2 = 0.75) to each other and to 33 P uptake (Table S2 , Supporting Information), suggesting that a third factor might be involved. Since total soil N or P had no direct effect on the HLD, their correlation with 33 P uptake might have been indirect and worked via nutritional effects on beneficial components of ERM-associated microorganisms as discussed by Hodge (2014) . We observed a lower richness and diversity of bacterial communities from the suppressive soils, but a high variation between soils for fungal richness and diversity. Soil pH is known to be good predictor of bacterial diversity, and in general, low pH soils display lower bacterial diversity (Lauber et al. 2009; Rousk et al. 2010) . As the investigated AMF suppressive soils had a lower pH than conducive soils, the current observations are compatible with an effect of pH on the bacterial community composition. Even though a positive correlation between soils suppressive to plant pathogens and bacterial diversity has previously been reported (Garbeva et al. 2006) , other studies underlined that the specific composition of microbial communities can be more important for ecosystem services, such as disease suppression, than the overall community diversity (Bonanomi et al. 2016; Peralta et al. 2018) . Although soil microbial communities play an essential role in the suppression of plant pathogenic fungi observed for disease suppressive soils (Mendes et al. 2011; Penton et al 2014; Cordovez et al. 2015; Cha et al. 2016; Schlatter et al. 2017) , the investigation of underlying mechanisms rarely consider both bacterial and fungal communities. In the present study, we found that communities of both groups differ significantly between AMFsuppressive and non-suppressive soils and that the fungal communities in AMF-suppressive and non-suppressive soils differ in their dominant taxa. Fungi may therefore have a role in the suppression. In the AMF-suppressive soils, we found a higher abundance of Archaeorhizomyces sp., Mortierella humilis and some Mycena spp. In a study of Fusarium wilt suppressive soils, the fungal genus Mortierella accounted for as much as 37% of the total fungal sequences (Xiong et al. 2017) and there are several examples of disease suppression by fungi. Some species of Mortierella can actually produce antibiotics, and several isolates turned out to be potential antagonistic agents against plant pathogens (Tagawa et al. 2010) . Further examples include the suppression of Pythium sylvaticum by Basidiomycota yeasts, in particular Cryptococcus (Hunter et al. 2006 ) and the observation that suppression of Rhizoctonia solani coincided with a dominance of members of the Xylariaceae, Bionectriaceae and Hypocreaceae families (Penton et al. 2014) . It is unknown whether fungi from the genus Mycena are suppressive to other fungi, but Mycena is known to produce different organic acids that may negatively affect the AMF (Rosling et al. 2004) . Archaeorhizomycetes are ubiquitous fungi that were isolated only recently (Rosling et al. 2011) and their ecological role is therefore largely unknown. However, these fungi showed a strong co-occurrence with AMF in one study (Choma et al. 2016) , and although the nature of this apparent interaction is unknown it is tempting to speculate that antagonism might be involved.
Differences between the bacterial communities in the current AMF-suppressive and non-suppressive non-cultivated soils resemble the differences found for cultivated soils (Svenningsen et al. 2018), and hence the broader approach of the current work consolidates these previous observations. As for the fungal taxa, we found that several bacterial taxa were enriched in suppressive soils pointing to a general suppression caused by the combined action of several members of the soil microbial communities. We found a higher relative abundance in Acidobacteria subgroup 1, and other subgroups such as 2, 3 and 6 in natural AMF-suppressive soils. In addition, Acidothermus showed a significantly higher relative abundance in AMF-suppressive soils, and so did Xanthomonadaceae. These bacterial taxa were also significantly more abundant in cultivated AMF-suppressive soils (Svenningsen et al. 2018) . Interestingly, a high relative abundance of Acidobacteria has even been found in disease suppressive soils (Mendes et al. 2011; van Agtmaal et al. 2015; Campos et al. 2016 ). In addition, Trivedi et al. (2017) found that Acidobacteria is a major predictor for soil suppressiveness at a continental scale. Xanthomonadacea was found to be associated with disease suppression towards R. solani in sugar beet plants (Mendes et al. 2011 ) and towards Fusarium graminearum in different crop systems in Brazil (Campos et al. 2016) .
Further studies are needed to isolate the candidate suppressive fungi and bacteria and test their suppressive effects on foraging activities by ERM in root culture and soil model systems. Nevertheless, the current study emphasizes that extrapolations to field conditions from AMF model systems using semi-sterile soil could be misleading, and that the ecosystem services of the AMF community will depend strongly on the composition of soil bacterial and fungal communities.
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